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Abstract—In this research, MPPT (maximum 
power point tracking) system has been created on 
solar cells to get maximum power from solar cells. 
The designed system consists of 200 watt solar cells, 
voltage sensors, current sensors, microcontroller, DC-
DC converter, and resistive loads. The MPPT system 
created uses incremental conductance algorithm to 
set the switching duty cycle on the DC-DC converter, 
with input parameters in the form of ΔV and ΔI to 
produce maximum power. This system is tested on 
solar cells with normal or partial shading conditions 
and under conditions of shadow-covered solar cells of 
8%, 16%, 30%, 41% and 50% with a load of 10 Ohm, 
25 Ohm, and 35 Ohm. The results obtained that the 
MPPT system can stabilize the output power of solar 
cells both under normal and shadow conditions and 
are able to maintain output power when there is a 
change in input power with the maximum efficiency 
of the MPPT system at a load of 10 Ohm of  78,38% 
with a standard deviation at the input power of 12,68 
and standard deviation at output power of 7,74. 
Maximum efficiency at 25 Ohm load of 80,23% with 
standard deviation at input power of 3,59 and 
standard deviation at output power of 2,90. 
Maximum efficiency at 35 Ohm load is 82,7% with 
standard deviation at input power of 4,14 and 
standard deviation at output power of 3,29. 
Keywords—Solar Cell, MPPT, DC-DC Converter, 
Microcontroller, Incremental Conductance. 
I. INTRODUCTION  
Solar cells are devices that can convert solar 
radiation energy into electrical energy[1]. The 
output power produced by solar cells is unstable, 
this is due to the intensity of the changing sunlight. 
To provide a stable and optimum output power of 
solar cells, controllers are needed that can control 
the output of solar cells at maximum conditions 
when the light intensity is reduced. Maximum 
Power Point Tracking (MPPT) is a method to 
maintain maximum output power from an energy 
source, when the power from the energy source 
changes with time due to the influence of the load 
and the intensity of sunlight. 
In the paper[2],[3] compared the two MPPT 
methods namely Perturb and Observe and 
Incremental Conductance. Simulink Matlab is used 
to evaluate comparison results, it is known that the 
Incremental Conductance method has a better 
performance than Perturb and Observe method and 
increases the efficiency of the DC-DC converter 
system. 
The paper presented by[4],[5] discusses the 
comparison between the MPPT: Perturb and 
Observe and Incremental Conductance methods. 
From the results obtained it is said that the 
Incremental Conductance method can reach MPP 
(Maximum Power Point) faster than Perturb and 
Observe.  
The paper presented by [6] discusses the MPPT 
with the Incremental Conductance method to 
determine the maximum operating current at 
maximum output power. Using the MPPT 
Incremental Conductance method can increase 
efficiency by 44%. 
One of the factors of decreasing power in solar 
cells is the reduced intensity of light received by 
solar cells, which can be caused by clouds or 
surrounding buildings[7]. Mathematical modeling 
of the current and voltage characteristics of each 
solar cell under a partial shadow is carried out. 
From this study it was concluded that the closure of 
shadows on solar cells caused a considerable 
decrease in the power produced. 
The paper presented by[8] discusses the 
condition of solar cells partially covered. This paper 
is carried out by analyzing different situations of 
partially closed shadow conditions on solar cells 
and simulated with MATLAB Simulink. It was 
concluded that the voltage will decrease with the 
increasing number of shadows covering the solar 
cell and the conditions of the solar cell that are 
covered in shadow will cause a large decrease in 
output power. 
In this research, an MPPT system was created 
with an incremental conductance algorithm for the 
shadow effect on solar cells. This algorithm was 
chosen because it has better performance compared 
to perturb and observe methods. The novelty of the 
research adds a shadow effect on solar cells to the 
MPPT system made with shadows of 8%, 16%, 
30%, 41%, and 50%. 
II. DESIGN SYSTEM 
A. MPPT Block Diagram System 
The MPPT system with the Incremental 
Conductance algorithm designed in this research 
consists of a solar cell with a capacity of 200 
Watts. 
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Fig. 1. Block Diagram of the MPPT System 
The components of the MPPT controllers system 
on solar cells are as follows: 
1. Solar cells: serves to convert solar radiation into
electrical energy with a maximum capacity of
200 Watts of power produced.
2. Controller: The minimum system based on
microcontroller is used as a control center of the
MPPT system with an Incremental Conductance
algorithm. In this research using Arduino Mega
as a microcontroller system used.
3. DC-DC Converter: Function as an output
voltage controller, by providing a PWM signal
to produce the desired output voltage.
4. Voltage Sensor: Functions to read the source
voltage of the solar cell and DC-DC converter
by changing the voltage scale to be smaller,
which is 0-5 Volt DC which can be read by the
microcontroller as an analog value.
5. Current Sensor: Function to read the DC-DC
converter input and output values, by changing
the reading from the sensor in the form of a
voltage value to a current value
6. Light Sensor: Function to measure the value of
the intensity of light received by the light
depending resistor (LDR) into an analog value
that can be read by the microcontroller.
7. Temperature Sensor: Serves to measure the
temperature of solar cells.
8. Real Time Clock: Knowing the time in the data
collection process.
9. SD Card Reader: Store data from the entire
system reading results.
10. LCD: Display the actual measurement value
data to display on the LCD MPPT controller.
11. Resistive Load: The load used in this final
project uses resistive loads of 10 Ohm, 25 Ohm
and 35 Ohm.
Block diagram of the control system for output 
power on the MPPT system for solar cells is shown 
in Fig 2. 
DC-DC
converter
MPPT
Algorithm
Resistive 
Load
Solar Cells
 
Vout
  Iout
`
  Sinyal
  PWM
Vin
Iin
Fig 2. Block Diagram of Power Control System for MPPT 
System 
The voltage and output current of the solar cell 
are connected to the DC-DC converter input and 
MPPT algorithm. The output voltage and current 
read on the MPPT algorithm is then processed and 
the output generated is a PWM signal sent to the 
DC-DC converter, which functions to control the
output voltage of the DC-DC converter which is
then connected to the resistive load.
The condition of solar cell testing is done by 
making a shadow effect on solar cells, with 
shadows of 8%, 16%, 30%, 41%, 50% and without 
shadow. Plywood boards are used to create shadow 
effects. 
(a) (b) 
(c) (d) 
(e) (f) 
Fig 3. Conditions for Solar Cell Testing: (a) without shadow, (b) 
shadow 8%, (c) shadow 16%, (d) shadow 30%, (e) shadow 41%, 
(f) shadow 50%
B. DC-DC Converter Circuit
DC-DC converter designed in buck converter
configuration show in Fig 4. 
Fig 4. DC-DC Converter Circuit 
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Design of  Buck Converter in this research : 
1. Calculate the maximum and minimum Vout of
each duty cycle.
Maximum duty cycle:
Vin min 12V: 
12V
V
95%
mako

Vout max = 11.4V  
Vin max 44.9V: 
44.9V
V
95%
mako

Vout max = 42.65V 
Minimum duty cycle: 
Vin min 12V: 
12V
V
5%
mino

Vout min = 0.6 V 
Vin max 44.9V: 
 
44.9V
V
5%
mino

Vout min = 2.245 V 
2. Calculate the maximum current output :
A
Vn
49.4
10
9.44max,


min
i
out
R
V
I
3. Calculate the inductor value (Lmin) :
In buck converter design, the continuous
current mode (CCM) is used, so the Lmin
parameter is used. Inductors function as a
regulator of current ripple in energy circuits and
storage.
 
max,1min * R
s
min
f*2
D-1
L 
 
0.3325mH35*
50000*2
0.05-1
Lmin 
Based on the calculation above, the inductor is 
selected with a value of 3.325 mH. The 
selection of the inductor value is greater than 
Lmin (L> Lmin) so that the buck converter system 
works on the Continuous current mode (CCM) 
and with a number of turns as many as 15 turns. 
4. Calculate the capacitor value :







0
02
max
V
ΔV
f*L*8
D
C
 
F428.1
0.01*0.003325*50000*8
0.95
C
2
On realization, the installed capacitor is 47 μF/ 
160 Volt. The capacitance value of 1.428 μF 
cannot be found in the market, so the capacitor 
capacitance value is above the calculation value. 
The selection of capacitor capacitance values 
greater than the calculation value aims to reduce 
the output voltage ripple. 
5. Determine Switching Component
The MOSFET used is IRFP150 which has a
source drain voltage (VDS) of 100 V and a
drain current (Id) of a maximum of 41 A. The
IRFP150 MOSFET is safe to use because the
maximum output voltage will be 42,65 V and
maximum current of 4,49 A.
6. Determine Diode Component
The diode used is MUR1560. This diode was
chosen because it is fast recovery capable of
working at a frequency of 50 KHz. MUR1560 
diode has a maximum voltage capacity of 
600 V and a current of 15 A so it is safe to 
apply to the buck converter. 
C. Incremental Conductance Algorithm Flowchart
The Incremental Conductance method begins
with data retrieval of voltage and current by the 
sensor. Current and voltage data taken are current 
and voltage data from the output of solar cells. The 
data will be initialized by new variables, namely 
ΔV and ΔI. ΔV is a reduction of the current and 
previous voltage values. ΔI is a reduction in the 
current and previous flows. 
Start
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ΔI / AV =-
I/V ?
ΔI = 0 ?
Put down 
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Put up
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ΔI = In – In-1
ΔP = Pn – Pn-1
No No
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Fig 5. MPPT Algorithm Flowchart 
III. RESULT  AND ANALYSIS
A. MPPT Test with 10 Ohm Load
The test is carried out by connecting the solar
cell to the input of the MPPT system and the output 
of the MPPT system to a load of 10 Ohm and the 
data collection process is carried out for 2 minutes. 
From figure 6 obtained from each MPPT test 
the greater the percentage of shadow that covers the 
solar cell, the power produced will decrease. The 
graph of input power in the MPPT system 
fluctuates in normal and shadow-covered 
conditions 8%, 16%, 30%, 41%, and 50% while in 
the MPPT system outputs a stable output power is 
obtained. This is caused by controlling via the DC-
DC converter to get maximum power by adjusting 
the output voltage of the DC-DC converter. 
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Fig 6. Graph of output power to input power at 10 Ohm load, (a) 
normal conditions, (b) shadow 8%, (c) shadow 16%, (d) shadow 
30%, (e) shadow 41%, (f) shadow 50 % 
The efficiency of the system at each condition 
of the solar cell at a load of 35 Ohm, can be seen in 
Fig 7. 
Fig 7.MPPT System Efficiency Chart at 10 Ohm load 
The resulting system efficiency is different, this 
is because the MPPT system reads different voltage 
and current changes every time, so that the PWM 
values generated in each solar cell condition are 
also different, with the highest efficiency being 
78.38%. MPPT systems will have the highest 
efficiency when working on large input power. 
B. MPPT Test with 25 Ohm Load
The test is carried out by connecting the solar
cell to the input of the MPPT system and the output 
of the MPPT system to a load of 25 Ohm and the 
data collection process is carried out for 2 minutes. 
From testing the MPPT system with a load of 25 
Ohm, we get a graph of the input power and output 
power of the MPPT system. 
From Fig 8 obtained from each MPPT test the 
greater the percentage of shadow that covers the 
solar cell, the power produced will decrease. The 
graph of input power in the MPPT system 
fluctuates in normal and partial shading conditions 
8%, 16%, 30%, 41%, and 50% while in the MPPT 
system outputs a stable output power is obtained. 
This is caused by controlling via the DC-DC 
converter to get maximum power by adjusting the 
output voltage of the DC-DC converter. 
(a) (b) 
(c) (d) 
(e) (f) 
Fig 8. Graph of output power to input power at 25 Ohm load, (a) 
normal conditions, (b) shadow 8%, (c) shadow 16%, (d) shadow 
30%, (e) shadow 41%, (f) shadow 50 % 
The efficiency of the system at each condition of 
the solar cell at a load of 25 Ohm, can be seen in 
Fig 9. 
Fig 9. MPPT System Efficiency Chart at 25 Ohm load 
The efficiency of the resulting system is 
different, this is because the MPPT system reads 
different voltage and current changes every time, so 
the PWM values generated in each condition of the 
(a) (b) 
(c) (d) 
(e) (f) 
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solar cell are also different, with the highest 
efficiency being 80.23%. In testing the MPPT 
system with 30% shadow conditions obtained the 
greatest efficiency is due to changes in power at the 
output of solar cells which tend to be stable and 
several times decrease while the output power of 
the MPPT system increases slowly, so the 
efficiency of the MPPT system has highest. 
C. MPPT Test with 35 Ohm Load
The test is carried out by connecting the solar
cell to the input of the MPPT system and the output 
of the MPPT system to a load of 35 Ohm and the 
data collection process is carried out for 2 minutes. 
From testing the MPPT system with a load of 35 
Ohm, we get a graph of the input power and output 
power of the MPPT system. 
From the graph obtained from each MPPT test 
the greater the percentage of shadow that covers the 
solar cell, the power produced will decrease. The 
graph of input power in the MPPT system 
fluctuates in normal and shadow-covered 
conditions 8%, 16%, 30%, 41%, and 50% while in 
the MPPT system outputs a stable output power is 
obtained. This is caused by controlling via the DC-
DC converter to get maximum power by adjusting 
the output voltage of the DC-DC converter. 
(a) (b) 
(c) (d) 
(e) (f) 
Fig. 10. Graph of output power to input power at 35 Ohm load, 
(a) normal conditions, (b) shadow 8%, (c) shadow 16%, (d)
shadow 30%, (e) shadow 41%, (f) shadow 50 %
The efficiency of the system at each condition 
of the solar cell at a load of 35 Ohm, can be seen in 
Fig 11. 
Fig 11. MPPT System Efficiency Chart at 35 Ohm load 
The resulting system efficiency is different, this 
is because the MPPT system reads different voltage 
and current changes every time, so that the PWM 
values generated in each solar cell condition are 
also different, with the highest efficiency being 
76.45%. The MPPT system will work with the 
highest efficiency when working on large input 
power. 
IV. CONCLUSION
The graph of input power in the MPPT system 
fluctuates in normal and shadow-covered conditions 
8%, 16%, 30%, 41%, and 50%, while the output of 
the MPPT system is more stable. This is caused by 
controlling via the DC-DC converter to get 
maximum power by adjusting the output voltage of 
the DC-DC converter. The greater the percentage of 
shadow that covers the solar cell, the power 
produced will decrease. 
The maximum efficiency of the MPPT system is 
78.38% at 10 Ohm load, 80.23% at 25 Ohm load, 
and 82.7% at a load 35 Ohm. 
REFERENCES 
[1] I. Riyanto, Suparmoko, A. Octaviano, and B. Santoso, “A
portable photovoltaic powerplant for emergency electrical
power supply in disaster affected areas,” Int. J. Simul. Syst.
Sci. Technol., vol. 19, no. 1, pp. 9.1-9.5, 2018.
[2] D. P. Umashankar, S; Srikanth, D. P.; Kumar, D. V.; 
Kothari, “Comparative study of maximum power point
tracking algorithms with DC-DC converters for PV solar
systems,” Int. J. Electr. Comput. Eng., vol. 3, no. 1, pp.
11–20, 2011.
[3] I. W. Christopher and R. Ramesh, “Open Access
Comparative Study of P & O and InC MPPT Algorithms,”
vol. 408, no. 12, pp. 402–408, 2013.
[4] A. K. Rana, M. Ali, R. and Ajad, “Analysis of P & O and
INC MPPT Techniques for PV Array Using MATLAB,
11(4), pp. 80–86.,” 2016.
[5] M. Seyedmahmoudian et al., “Simulation and Hardware
Implementation of New Maximum Power Point Tracking
Technique for Partially Shaded PV System Using Hybrid
DEPSO Method,” IEEE Trans. Sustain. Energy, vol. 6, no.
3, pp. 850–862, 2015.
[6] M. Lokanadham and K. V. Bhaskar, “Incremental
Conductance Based Maximum Power Point Tracking
(MPPT) for Photovoltaic System,” Int. J. Eng. …, vol. 2,
Proc. EECSI 2019 - Bandung, Indonesia, 18-20 Sept 2019
356
no. 2, pp. 1420–1424, 2012. 
[7] D. Goron, D. and Njomo, “Mathematical Modeling and 
Simulation Of A Partially Shaded Photovoltaic Module,” 
2016. 
[8] B. A. Alsayid, S. Y. Alsadi, J. S. Jallad, and M. H. Dradi, 
“Partial Shading of PV System Simulation with 
Experimental Results,” Smart Grid Renew. Energy, vol. 
04, no. 06, pp. 429–435, 2013. 
[9]   Fuchs, Ewald F. and Mohammad A. S. Masoum. 2011. 
Power Conversion of Renewable Energy Systems. New 
York : Springer Science + Bussiness Media, LLC. 
 [10] Luque, A. and Hegedus, S. 2003. Photovoltaic Science 
Handbook of Photovoltaic Science. West Sussex: John 
Willey &Sons. 
[11]  Rashid, M. H. 2011. Power Electronics Handbook, Power 
Electronics Handbook. Elsevier Inc. 
[12]   Riyanto, I. et al. 2016. Portable Photo voltaic Power plant 
with Solar Tracker for Disaster Affected Area Emergency 
Power Supply, (November), pp. 20-2
 
Proc. EECSI 2019 - Bandung, Indonesia, 18-20 Sept 2019
357
